ABSTRACT
INTRODUCTION
There is current concern about motivating and retaining students in Higher Education (HE) and in designing programmes that will provide them with the skills to function effectively in demanding working environments. Employer links are increasingly seen as a vital part of university provision, as knowledge generation is acknowledged to play a significant role, particularly in advanced technical environments. Successfully integrating provision is not without its challenges, however. This paper presents an account of a recent knowledge exchange initiative within computer science and information systems, which was co-ordinated by the University's Research and Knowledge Transfer Office. This utilised HEIF 4 funding, which is designed to support and develop a broad range of knowledge exchange activities which result in economic and social benefit to the UK (HEFCE, 2008) . The aim was to establish links with regional businesses and thereby foster industrial contacts, enhance the curriculum, broaden the Department's perspective and improve student employability. The initiative has established firm foundations which promise opportunities to strengthen regional links and to engage a wider range of students in stimulating, real-world activities to complement theoretical study.
There is significant debate about the role of work-based learning in HE: Gray (2001) , evaluates its advantages, while Nixon, Smith et al (2006) point up tensions that can arise between HE providers and employers. There are also questions about the quality of placements as pressure increases to allow students access to employers (Little and Harvey, 2006) . Mason, Williams et al (2003) also challenge the assumption that employability skills can be developed in HE and transferred into employment. However, it is clear that there is a marked shift towards recognition of the potential role of the workplace in many HEIs' provision. The Quality Assurance Agency for Higher Education's (QAA) report acknowledges a number of HEIs' revised mission statements to accommodate collaboration with business and employers (QAA, 2010) . There are perceived imperatives driving this movement: the HEFCE report (CHERI and KPMG, 2006) identifies the trend towards high performance management and high performance work practices in organisations featuring complex job designs, devolved lines of responsibility, and reliance upon access to key business information. This is consistent with the view that developing countries must rely increasingly upon intellectual capital to maintain their competitiveness (RAE, 2007) . It is also recognised that knowledge creation is not the preserve of HEIs, and that significant learning can take place within working environments (CHERI and KPMG, 2006) . Successfully integrating the educational needs of individual learners with the requirements of employers is complex and challenging. Potential conflict can arise from differences in values, traditions and practices between academia and industry. Research focusing on new conceptual and methodological insights into workplace learning considering a range of professions including accountancy, nursing, finance and education is addressing the differences, if any, between work-based learning and professional and vocational education (Pachler and Evans, 2008) .
While vocational training in areas such as education and medicine has well established tradition and practices, the expansion of employer-responsive provision involves a wider range of organisations in the design, delivery and assessment of learning programmes (QAA, 2010) . This raises questions about how to establish and maintain the quality of provision. While the QAA reinforces the notion that HEIs are responsible for upholding the quality of their awards, there is an argument that HEIs should strike a balance that militates against becoming too risk averse, and encourages collaborative provision and effective employer engagement.
Within this general context of increasing synergy between HEIs and industry, The Royal Academy of Engineering adds an engineering perspective which stresses the importance of real industrial experience in graduate recruitment from employer and student perspectives (RAE, 2007) . The report highlights the value of academic staff's familiarity with industry problems and of challenging case-study material from industry. These requirements are presented amid fears that an increasing shortage of engineers may have a significant impact upon the economy's competitiveness in the future. Indeed, HEFCE acknowledge HE's role in encompassing the wider view of the future of the knowledge society and its need for social cohesion as well as economic prosperity in successfully balancing the requirements of industry and the needs of learners (CHERI and KPMG, 2006) . Interestingly, the demand for people in the workplace to acquire new skills through partnerships with academic institutions is raising questions about provision in Germany. A recent newspaper article (From Kickabout Football Hero to Graduate) addresses a perceived need for mature employees with limited formal academic qualifications to be allowed access to higher education (Boes, 2010) .
It is within this broader context of seeking to engage learners in a purposeful, practical environment focusing on work-related skills that this paper reflects the challenges of shaping skilled and confident graduates, from a relatively small department, capable of adding value to regional organisations. It describes how recent activity within the Informatics Centre, based in the Department of Computer Science and Information Systems, demonstrates the potential to forge new methods of linking the curriculum to the external world to bring benefits to staff, learners, clients and partners.
The Informatics Centre was established some years ago to provide IT support with data monitoring projects in public health. It was recognised that this provided scope to engage students in real-world software development projects and thereby enhance their insight into the demands of working in the software industry (Kerins, 2007) . This paper reports on the establishment of a software development team in the Informatics Centre in response to an initiative to exploit knowledge exchange funding, and evaluates its benefits to teachers, learners and external clients. Most of the latter represent Small and Medium Enterprises (SME) who stand to gain a great deal by acquiring new technology to enhance their business processes. This paper illustrates examples of these benefits and describes how continued involvement in the initiative accumulates knowledge, which enables the Informatics Centre team to offer an improved and more informed service to its clients. It also analyses the potential to enhance the computer science and information systems curriculum by providing not only part-time employment opportunities but also valuable case-study learning materials: the Informatics Centre has generated a developing repository of project deliverables which can be exploited by group and individual learners. The challenge is to build interactive interfaces to this material so that it is accessible across relevant programmes. It can also be made available to partner colleges where a significant number of students study foundation degrees before attending the university for a final year. A critical feature of the development is its link with the demands of regional businesses and the opportunity to link software design and development tasks to contemporary business requirements. This provides students with skills and insights which will enhance their employability and their preparedness to meet real-world information processing demands within the regional economy.
UTILISING KNOWLEDGE EXCHANGE RESOURCES
Innovation funding has been made available to stimulate the exploitation of knowledge from institutes of further and higher education by regional businesses (HEFCE, 2008) . The underlying premise is that staff and students within these institutions possess considerable know-how and expertise which can be used to provide valuable knowledge as well as skilled and creative personnel to regional enterprises. There are particular benefits for SMEs which lack the resources to invest in, or access, scarce skills such as software design and development.
The innovation funding initiative complements a range of existing services whose aim is to foster relationships between the University and regional employers. The University has a well-established Department of Work Based Learning which has pioneered programmes designed to establish these links and to give students valuable experience of a practical work placement to enhance their employment prospects upon graduation. This environment has supported research into work-based learning methods, particularly approaches to assessment (Brodie and Irving, 2007) . Organisations such as Business Link (BusinessLink, 2010) also aim to match individuals to employers for fixed-term paid placements which are of mutual benefit to both partners.
Within the Informatics Centre, the benefits of these initiatives were acknowledged. It was also recognised that the experience acquired by individual students remained with them, while their relationship with the employer remained external to the Department. Consequently, knowledge of real-world demand and of the tools, technologies and skills needed to meet these requirements was not brought back into the University where it could be used to consolidate existing knowledge. Moreover, by acting individually, students could learn a great deal from professional staff within the placement organisation, but they were potentially exposed to undertaking tasks with very limited professional or technical support.
The proposal was to establish a small team of software developers who would work collectively on client solutions. The team would consist of students recruited from programmes within the Department who would be supervised by academic staff. The aim was to pay the students just as they are paid for projects undertaken through schemes such as Business Link. There were clear benefits in that the team would offer supervision, and students could work collectively on tasks to share learning and responsibility. As students often do some part-time work during their programmes of study, the prospect of working on software development projects provided an excellent opportunity to engage in tasks that complemented their academic programmes.
Establishing a Software Development Team
A specialist department within the University handles knowledge transfer funding, and proposals for projects are evaluated by committees formulated within specialist areas based largely on faculty interests. In August 2008 the Informatics Centre was granted funding to establish a team of four student software developers whose activities would be co-ordinated by two members of academic staff.
The team, including one experienced post-graduate student, contained a blend of skills, expertise, knowledge and experience, and it worked initially on establishing an infrastructure to support development. This included the adoption of SharePoint as a repository for documentation, communication and resources (Leon, Tynes et al, 2007) . The first projects were requests for web-based systems generated from within the University. The team also responded to a speculative enquiry to the Department for support in utilising a business intelligence application from a regional multinational company, and this led to the completion of a number of related projects with the organisation.
Extending the Portfolio
A significant impact on the work of the team was the demand for knowledge transfer initiatives brokered by the Regional Development Agency whose brief was to provide financial support for small businesses in key sectors of the economy. The Agency released periodic funds for which regional SMEs could bid. The scheme provided innovation vouchers to successful bidders, which could be spent with a suitable knowledge provider. Over a period of some eighteen months, the team successfully bid to undertake a significant number of innovation voucher projects. These were predominantly web-based applications in which SMEs from areas as diverse as telecommunications, on-line sales and business consultancy services required new or substantially overhauled systems to enhance their business processes.
EXPANDING THE TEAM
The University implements a Work-Based Learning (WBL) placement scheme for all second-year undergraduate students. Six-week placements are co-ordinated by a centrally managed unit at the end of the academic year. The Informatics Centre was able to offer three software development positions. The academic component of this scheme is handled by WBL supervisors, which enabled staff within the Informatics Centre to focus on co-ordinating development tasks (Kerins, 2007) . This also enables the critical issue of assessment to be handled by independent supervisors (Brodie and Irving, 2007) . At the end of the placement there was sufficient work to offer part-time contracts to each of the WBL students. Further expansion towards the end of last academic year led to the appointment of a specialist designer from the Department of Multimedia.
It became evident that a number of clients required web applications to extend the effectiveness and efficiency of their businesses. As most team members were learning web development techniques as part of their academic programme, they were able to utilise and significantly enhance their expertise in the field.
TECHNICAL ADVANCES
In being exposed to external clients, the team was required to meet a range of user specifications. As businesses recognised the ways that new technologies could enhance their processes, efficiency, and means of communicating with the outside world, they sought to use knowledge providers to help them realise these goals. Equally, as the team acquired knowledge and experience from their developing portfolio, they were able to advise clients of the kinds of solution that might best meet their business requirements.
Web application development was implemented principally in .NET and the team successfully developed key software components such as a content management system enabling users to exercise significant control over the material in their web sites. Users were offered facilities such as the functionality to manage news updates and associated images on their sites. Developers undertook relevant research to expand their own capability in order to integrate functionality such as shopping cart and on-line payment facilities into user applications. They also acquired the expertise to integrate features including search engine optimisation and interfaces to social networking sites into client systems. Noticeably, in a fastchanging environment where these technologies are becoming more commonplace, there are increasing expectations as to what clients might regard as basic requirements.
The team has also embarked on projects that require systems to be tailored to more specific business tasks. Examples include a bespoke mail ordering system, a software version of a business board game and promotion of products using animation software.
MANAGEMENT AND INFRASTRUCTURE
In addition to building a team and delivering client solutions, a significant task has been the establishment of an infrastructure to support this development. This becomes more important as the volume and scope of activities increases. In the summer of 2009, innovation funding was made available to support the promotion of one of the members of the team to a full-time post as project manager. This was in recognition of the demand for day to day management of the work of the team in the light of an increased project load. The funding was linked to anticipated growth in output, with the assumption that income would lead to selfsufficiency.
Quality Assurance
The appointment of a project manager enabled essential management functions such as the handling of project costs to be put in place. Significant effort was also devoted to the design and implementation of a quality assurance system, with appropriate documents and practices, to establish standard approaches to project development. This was adopted as an internal project which entailed relevant research into ISO standards (BSI, 2008) to inform the design of project templates. Standard templates for system specifications, risk analyses, testing documentation, sign-off and post-project technical reports have been established and are now being refined to maintain an effective and efficient quality assurance system. An electronic infrastructure has been built in parallel with the growth of the team's activity. SharePoint has been configured to support access to and sharing of documentation and communication across the Centre, and within individual projects. The quality assurance team took responsibility for structuring the SharePoint site: the overall vision of how projects should be managed and how their deliverables should be classified, made accessible and archived was planned coherently. Work is currently underway on developing models representing the structure and function of the Centre so that information about processes and procedures can be made more readily accessible to current and future members of the team. This documentation also represents a potentially valuable learning resource.
Knowledge Management
Since the recruitment of the software development team, the Informatics Centre has evolved into a dynamic environment supporting an increasing range of roles and responsibilities. As identified in Section 4, a significant amount of technical work has been undertaken and the pressures of completing these diverse projects has meant that very often team members have moved fairly quickly on to new tasks. The notion of managing knowledge raises complex questions about the nature of tacit and explicit knowledge and organisational learning (Hislop, 2009; Prusak and Matson, 2006) . Some of these issues are of particular interest to the Informatics Centre because the team is composed largely of students who are likely to leave at the end of their academic programme. However, this risk has been mitigated by the recent full-time appointments of two team members and the progression of some members of the team to part-time postgraduate study.
Issues surrounding the development of technical and managerial expertise have been identified as an area for investigation, with a focus on how best to identify and protect knowledge resources within the Centre. This is an active area of applied research which will be reported on when further progress has been made.
CURRENT ACTIVITIES
As the team's portfolio of completed work has expanded, opportunities to respond to requests for support within the University, and from external enquiries, have increased. Consequently, the Centre was able to recruit two more students at the beginning of the last academic year. The team has completed or is working on over 40 small to medium sized projects to date.
In addition to software development tasks, the Centre has provided training in web application development to a group of computer programmers from a regional branch of a national organisation. Selected members of the team composed learning materials from examples of their work. Their experience using a range of technologies and techniques, such as AJAX to support dynamic web interaction (Garrett, 2005; Shklar and Rosen, 2009; Welling and Thomson, 2009) , enabled them to enhance the provision with informed, timely insight.
BENEFITS OF THE INITIATIVE
A great deal has been achieved over a relatively short period and it is worth reflecting on the benefits of the team's activities as well as looking forward to how the success can be consolidated and built upon in the future. Two principal benefits are potential enrichment of the curriculum, and enhancing employment opportunities. The environment also supports the potential for applied research.
Enriching the Curriculum
Currently there is significant demand for knowledge transfer support in the expanding field of web application development as SMEs in particular recognise the improvements in business processes that current technology offers. This has underpinned the engagement in projects supported by the Regional Development Agency and has exposed the team to a rich variety of business applications that require increasingly sophisticated software solutions to facilitate business development.
The Centre has already built up a considerable repository of material in terms of system specifications, system models, test reports, post-project technical reports and completed software solutions. Some of this material has been integrated into a Level 6 Systems Analysis and Design module where design models have been introduced as exemplars and a completed project has been used as a scenario to simulate requirements gathering and system modelling. There are also plans to base an experiential learning module for a group of some ten students in the Centre. It is too early to evaluate these initiatives but it is anticipated that these activities will be expanded to enable a wider interaction between the team and computing students.
In addition to the explicit documentation associated with completed projects, the expertise and knowledge built up by the team constitutes a reservoir of ability and understanding that offers valuable insight into the challenges of applying the principles of software development to client requirements. The relevance of this explicit and tacit knowledge is sharpened by the fact that it has been acquired by students' peers. This helps to set standards and aspirations and reinforces the sense that academic programmes can be linked to rewarding roles in employment. The importance of this last point is stressed by the Royal Academy of Engineering (RAE, 2007) .
Future Directions
While these resources have been built up, as yet there is no suitable infrastructure to link them to the curriculum. An immediate task is to plan and implement processes to facilitate this interaction. The aim is to provide access to both explicit and tacit knowledge. SharePoint provides the architecture to support the former. By enabling access to relevant parts of the site, project documents can be made available for analysis. There is scope to expand this facility however; it is anticipated that these materials could form the basis of an interactive on-line portal supported by automated learning technology. In this respect the explicit knowledge within the repository could be utilised independently by learners who could be set individual or collective tasks based upon case studies and the associated interactive learning environment. Equally, this facility could be accessible to colleges offering foundation degrees in partnership with the University.
A bi-monthly seminar series has been instituted at which team members present technical reports on some aspect of their work. Students from all programmes within the Department are invited to these events, which are also videoed. This affords some access to the members of the team and there are plans to make the videos accessible within the context of the proposed learning repository. In developing the pedagogical benefits of the Centre there is a need to foster more personal links between members of the team and the wider student body. By assigning time and resources to this task, there is potential to tap the experience of students actively working in the team to inspire learners in computing-related subjects as well as those in areas such as business and management.
Enhancing Employment Opportunities
The expansion of the volume of projects undertaken has enabled the Informatics Centre to host a number of work-based learning placements. These comprised software developers from Computer Science and Information Systems, a graphics designer from the Multimedia Department, and two Marketing students from the Business School who were given the task of working on advertising the work of the Centre. Interestingly, a Law student was also placed to undertake legal investigation of legislation surrounding Intellectual Property Rights and the protection of data. These examples illustrate the emerging possibilities of interacting with other disciplines and enabling students to work with each other in a stimulating environment focused on real demands from the outside world.
Clearly, those students who have been recruited to work on a part-time basis for the team have been afforded an excellent opportunity to acquire valuable skills that will equip them to make a worthwhile contribution to potential employers. They are able to derive huge benefit from face-to-face contact with clients as well as being exposed to the demands of working through the software development lifecycle and meeting agreed deadlines. They have also been introduced to the rigours of software standards, and are familiar with the demands of working within a quality assurance framework. However, there is still significant scope to improve these processes, and the aim is to work towards externally auditable standards. The posts have also required them to learn a great deal about software tools as they have sought to meet individual sets of requirements. This experience complements their academic programmes and gives them insight into how these principles are applied to challenging business processes.
Since the project began, four team members have progressed to external software development posts. Additionally, three members of the team have been appointed full-time and a further three members have retained part-time contracts with the Centre, which they integrate with external development work. Five current students are also working with the team.
Supporting Applied Research
The work of the development team has already entailed active research in so far as individuals have had to find out how to do things in order to meet immediate requirements. Particularly in the evolving field of web application engineering, clients' aspirations to interface with social networking sites and to integrate multimedia capability into their systems, for example, have confronted developers with new challenges. They have become adept at searching relevant discussion boards and consulting software engineering sites (stackoverflow, 2010; DevGuru, 2010) to seek techniques that can help them solve novel problems. Team members have also researched relevant standards to inform their planning and recommendations for the implementation of quality assurance policies and practices (BSI, 2008) .
These technical and management areas pose questions that developers must address in a problem-solving manner as an inherent part of their role. They also raise issues that bear further analysis. Members of the software team are principally concerned with developing solutions and they have very limited resources to investigate issues in a wider context. However, their activities serve as a very useful environment in which tools, techniques and policies can be analysed independently by dissertation students whose work can inform the direction of the Centre and its activities. Knowledge resources are being analysed with a view to optimising how they are utilised. This is of particular importance given the potentially limited time that some developers may remain with the team. As knowledge is accumulated within the Centre, the team becomes better equipped to apply it when building new solutions. This learning by experience is an important part of the educational process for everyone involved in the enterprise.
Critically, the formation of the software development team has established an environment in which students can learn by doing. Members recruited to the team have significant responsibility to deliver quality solutions. This provides a valuable grounding in the acquisition of professional standards of practice that will enhance their attractiveness to employers. It will also impact upon their ability to make a valuable social and economic contribution upon graduation. There is potential to generate more opportunities for students to benefit from these interactions. This will either be through active involvement in developing solutions, by taking up workbased learning placements in the Centre, or by studying recent case studies in relevant modules and accessing the evolving body of materials available through the range of projects undertaken.
RISKS AND LIMITATIONS
Notwithstanding the benefits of the work of the Informatics Centre in helping to enrich the computing and information system curriculum, there are clear risks inherent in the undertaking and there are limitations in what has been achieved.
In establishing a framework to support the development environment, Informatics Centre staff drew upon the assistance of internal services such as human resources, finance and the knowledge transfer and research office in order to utilise their facilities. This helped in recruitment procedures and in drawing up contracts with clients, for example. Nevertheless, much of the activity was pioneering within the institution and probably reflects the shift within Higher Education towards a greater level of engagement with the external community. One of the principal risks concerns the ability to successfully meet clients' requirements. There were clear risks from the Institution's point of view: failure to meet acceptable standards would damage the University's reputation. This was mitigated initially by the fact that a small, mixed team with a range of complementary skills was assembled. Suitable costing models also had to be devised to ensure that work was completed to acceptable budgets.
As the team has gained experience, it is better able to scope projects and has a better understanding of the capabilities and limitations of both individuals and the team as a whole. Equally, there has been investment in strengthening internal procedures to make the Centre more robust: by devising risk policies for projects to increase awareness of potential issues such as the impact of new development on client systems, for example. There is a need to be mindful of the students' workloads, and to avoid placing them under undue stress, particularly at assessment periods. There is an inherent risk in being reliant upon highly skilled individuals whose expertise cannot easily be replaced and this must be borne in mind in managing project resources.
There are some obvious limitations to what has been achieved. A relatively small number of students have been given the opportunity to work directly for the team. While work-based learning placements can be offered to a few additional students, ways must be devised in which the resource can be used to engage a wider range of students. Apart from making project deliverables available as a repository of learning materials, there is scope to use project specifications for experiential learning scenarios, as discussed in Section 7.1.
STUDENT FEEDBACK AND POTENTIAL DEVELOPMENT
As a part-time employee, each student was subject to a series of three probationary reviews in accordance with prevailing HR practise. The appraisals were designed to assess progress against a range of generic attributes such as Communication, and Team Work and Motivation, for example. The students also included comments on their development during their time in post. Of nine students having completed the process, five acknowledged the employment benefits of their role in their appraisal, and all of them expressed a wish to enhance their skills, knowledge and experience through their project work.
These sessions also revealed a desire for more opportunities to work with and learn from other team members. These observations highlight the scope for continued improvement in the management of the environment and its members. As the Centre evolves, there will be potential to analyse its teaching, learning and employment benefits more formally and to seek ways of building upon the foundations reported in this paper.
A significant challenge is to harness the many benefits of engaging with external clients to attract and retain students so that they can acquire relevant skills to equip them to provide high quality software engineering skills to the Region, and beyond, upon graduation. Furthermore, the software development environment can be made accessible to aspiring university students in schools and colleges to show them how they can acquire specialist vocational skills that can lead to stimulating careers. At the other end of the HE spectrum, students can be encouraged to return for postgraduate study where they can develop their expertise, and enhance the services and solutions that the Centre can offer to its clients.
Currently there are many questions about the funding of Higher Education and the role of employers in shaping the curriculum. This paper reports on an initiative to enhance and exploit software development expertise within an academic department of computer science and information systems to forge links with regional businesses, and to give students key roles in establishing and maintaining the environment. The paper has shown that there are many positive benefits in promoting active learning and it has discussed the potential to expand the environment and to make it the dynamic focal point of an enriched curriculum. Significant progress has been made in a relatively short time and there is confidence that the model can be refined and further integrated into computing-related programmes. This will improve the commercial relevance of current programmes and provide students with skills, experience and insight which will increase their readiness to find worthwhile employment. The opportunities afforded participants so far, as discussed in Section 7.2, suggest that this is proving successful.
These developments have taken place amid the shift towards employer-responsive provision. The initiative offers an interesting perspective on this trend and it provides a platform for further collaboration and experimentation. Unlike specialist centres such as the Centre for Excellence in Professional Learning from the Workplace (CEPLW, 2010) and the Centre for Excellence in Professional Placement Learning (Ceppl, 2010) , the scope of activity reported here does not extend to formal research in work-based learning. Nevertheless, there are common aims in enhancing learning and seeking to integrate real-world professional demands into the curriculum. As partnerships with external organisations continue to be developed, they may also begin to play a more influential role in shaping the curriculum.
The integration of QA principles is important in developing professional standards and eventual ISO recognition would help affirm the value of the Centre's work in providing sound learning experiences for its computing graduates.
